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(54) OPTICAL DEVICE 

(57)Abstract 

.PURPOSE: To constitute an image rotation optical element 
Fcorrecting the rotation of an image of a small element and to 
efficiently suppress unnecessary infrared rays made incident on a 
detector by respectively forming two or more intermediate images 
and pupils in an optical path and setting the image rotation optical 
element near the pupil or the intermediate image. 
CONSTITUTION: A diaphragm 17 is set to a cold shield 19 and three 
intermediate images 24, 25 and 28 and three pupils 26, 27 and 30 are 
formed in the optical path. By a third image forming lens 29 and a 
second image forming lens 23, the image of the diaphragm 17 is 



projected between a second pu^pil image forming lens 22 and the 
second image forming lens 23, and the first pupil 26 is formed. By a 
first image forming lens 21 and the second pupil image forming lens 
22, the first pupil 26 is projected between the first image forming 
lens 21 and a first pupil image forming lens 20, and the second pupil 
27 is formed. By the first pupil image forming lens 20, the second 
pupil 27 is projected near an objective lens 4, and the third pupil 30 
is formed. Then, a line scanning mirror 1 1 is set to the first pupil 26, 

|the image rotation optical element 6 to the second pupil 27, and the 

^objective lens 4 to the third pupil 30. 
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CLAIMS 



[Claim(s)] 

[Claim l] It is optical equipment which circles, supervises a large area, forms a medium 
image and two pupils or more into an optical path in optical equipment equipped with 
the image revolution optical element and detector for amending the image revolution 
produced by turning, respectively, and is characterized by installing said image 
revolution optical element said pupil or near the medium image. 

[Claim 2] A detector is optical equipment according to claim 1 characterized by 
installing an objective lens near the pupil while installing drawing in cold shielding 
which encloses the perimeter of this infrared detector using an infrared detector. 
[Claim 3] In optical equipment equipped with the image revolution optical element and 
detector for amending the image revolution which circles, supervises a large area and is 
produced by turning The 1st and 2nd pupil is formed at least with the 1st and 2nd 
medium image into an optical path, respectively. It is optical equipment which installs a 
field lens near said 1st medium image and the 2nd medium image, respectively, sets up 
equally the dimension of said 2nd pupil, and the dimension of said 2nd medium image, 
and is characterized by instalhng said image revolution optical element between said 
2nd pupil and said 2nd medium image. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the optical equipment which circles 

and supervises a wide area. 

[0002] 

[Description of the Prior Art] Drawing 6 is drawing showing the optical equipment used 
for the monitor conventionally shown for example, in the British patent No. 2241400 
official report, and is set to drawing. In 1, an optical axis and 2 the revolving shaft of the 
optical-axis scan mirror 2, and 4 for an optical-axis scan mirror and 3 An objective lens, 
5 -■ the optical axis of an objective lens 4, and 6 an image revolution optical element 
and 7 - a frame-scanning mirror and 8 ■- for a medium image and 11, as for the 
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revolving shaft of the line scan mirror 11, and 13, a line scan mirror and 12 are [ the 
revolving shaft of the frame scanning mirror 7, and 9 / a field lens and 10 / an image 
formation lens and 14 ] detectors. 

[0003] Next, actuation is explained. It reflects in the optical-axis scan mirror 2, and 
incidence of the light which came for [ which exists in the direction of an optical axis 1 ] 
the image pick-up is carried out to an objective lens 4. An objective lens 4 ties the 
medium image 10 for an image pick up near the field lens 9. The medium image 10 is 
projected after an echo in the line scan mirror 11, and is projected on a detector 14 with 
the image formation lens 13. 

[0004] In supervision mode, by rotating the optical-axis scan mirror 2 centering on a 
revolving shaft 3, an optical axis 1 circles and a large area is supervised. Moreover, in 
image pick up mode, the image of the specific direction is obtained by fixing the 
optical-axis scan mirror 2 and rotating the line scan mirror 11. The frame scanning 
mirror 7 interlaces between the fields, and the dead angle produced when a neutral 
zone exists between the pixels of the detector 14 which is a one dimensional array is 
compensated with it. Therefore, if the medium image 10 expresses the direction of a 
vertical in object space, the medium image 10 must be vertical to the revolving shaft 8 of 
the frame -scanning mirror 7 for obtaining an image without distortion, and it must be 
parallel to the revolving shaft 12 of the line scan mirror 11. Since an image revolution 
arises by rotating the optical-axis scan mirror 2 around a revolving shaft 3, the image 
revolution optical element 6 is rotated and amended around an optical axis 5 so that the 
direction of a vertical of the image in the frame scanning mirror 7 may not be caused in 
the direction of the optical-axis scan mirror 2 but may become vertical to a revolving 
shaft 8. The necessary angle of rotation of the image revolution optical element 6 is the 
one half of the angle of rotation of the optical-axis scan mirror 2. 

[0005] The image revolution optical element 6 is realizable by changing an optical axis 
by echo odd times using a mirror or prism. Pechan prism and Rntsch prism with a 
crookedness side vertical to an optical axis, Dove prism, Schmidt prism with which the 
refi-acting interface inclines to an optical axis, etc. are known for prism. Usually, in 
order that the former may avoid the ghost who arises in an echo of a prism side, it is 
used in divergence or the focusing flux of light, and the latter is used in the parallel flux 
of light in order to avoid the chromatic aberration and comatic aberration which are 
produced in the refi-action in respect of prism. 

[0006] In addition, in this example, although an optical axis scan can do only one shaft, 
if the biaxial revolution of the optical axis scan mirror 2 is carried out, it can perform a 
biaxial optical axis scan. Moreover, the scan which rotates an objective lens 4 and 
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reflecting mirrors 2a-2c by one centering on revolving- shaft 3a which constitutes the 
optical-axis scan mirror 2 from two or more reflecting mirrors 2a-2c as shown in 
drawing 7 , and is on extension of the objective lens optical axis 5, The combination of 
the scan which rotates an objective lens 4 and reflecting mirror 2a by one centering on 
revolving- shaft 3b which is the objective lens optical axis 5 reflected with reflecting 
mirror 2b can also perform a biaxial optical-axis scan. There is this configuration about 
the advantage which the magnitude of the flux of light on an objective lens 4 or a 
reflecting mirror does not change, but can scan a large area with a compact 
configuration by optical-axis scan, and it is known for the Coude focus in an 
astronomical telescope etc. 

[0007] A paraxial configuration is shown in drawing 8 . Since it is easy, transparency 
shows a plane mirror. A continuous line shows the visual field core flux of light 15, and a 
broken line shows the visual field edge flux of light 16. In order to realize the diameter 
of macrostomia with the hmited diameter of a lens, it extracts to an objective lens 4 and 
17 is installed, and the line scan mirror 11 is installed in the location of the pupil 18 
which is the image of drawing by the field lens 9 as KERARE is not produced by scan. 
The image revolution optical element 6 using prism is optically equivalent to a thick 
plate, and is installed between an objective lens 4 and the frame -scanning mirror 7. 
Therefore, in order to make it not produce KERARE to the flux of light of a visual field 
edge, the dimension of the image revolution optical element 6 becomes large. 
[0008] Usually, with infi-ared optical equipment, in order to control lowering of the 
contrast produced when the unnecessary infirared radiation which optical equipment 
itself emits carries out incidence to a detector, it surrounds with the cold shielding 19 
which is the cylinder which cooled the perimeter of a detector. Since the flux of fight on a 
cold shielding effective area is not based on a visual field but it is in agreement when 
the effective area of the cold shielding 19 is drawing or a pupil, cold shielding opening 
can be made into the lower limit decided by the F value of optical system, and the 
incidence to the detector of unnecessary infrared radiation can be reduced efficiently. 
However, since it extracted in this example, and 17 is set as the location of an objective 
lens 4 and the pupil 18 is set as the location of the line scan mirror 11, in order the flux 
of light on a cold shielding effective area is not in agreement with a visual field and to 
make it not produce KERARE to the visual field edge flux of light 16, opening of the cold 
shielding 19 must be expanded, and the incidence depressor effect of unnecessary 
infirared radiation falls. 
[0009] 

[Problem(s) to be Solved by the Invention] As mentioned above, since the image 
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revolution optical element 6 was installed between the objective lens 4 and the 
frame scanning mirror 7 with conventional optical equipment, in order to penetrate 
without producing KERARE to the visual field edge flux of light 16, there was a trouble 
that the image revolution optical element 6 became large-sized. Since the optical path 
length in an optical material was long, the image revolution optical element 6 especially 
using prism could not disregard absorption according being large-sized to an optical 
material, but had the trouble of causing decline in permeability. Moreover, since the line 
scan mirror 11 was arranged to the only pupil posion of optical system, it extracted to 
the cold shielding 19 and 17 could not be installed, but there was a trouble that 
incidence to the detector 14 of unnecessary infrared radiation could not be controlled 
efficiently. 

[0010] This invention was made in order to cancel the above troubles, and it aims at 
constituting optical equipment using a small image revolution optical element. 
Furthermore, it aims at constituting the optical equipment which controls the incidence 
to the detector of unnecessary infrared radiation effectively. 
[0011] 

[Means for Solving the Problem] The optical equipment of claim 1 circles, and 
supervises a large area, a medium image and two pupils or more are formed into an 
optical path in optical equipment equipped with the image revolution optical element 
and detector for amending the image revolution produced by turning, respectively, and 
said image revolution optical element is installed said pupil or near the medium image. 
[0012] In optical equipment according to claim 1, the optical equipment of claim 2 
installs an objective lens near the pupil while a detector installs drawing in cold 
shielding which encloses the perimeter of this infrared detector using an infrared 
detector. 

[0013] In optical equipment equipped with the image revolution optical element and 
detector for amending the image revolution which the optical equipment of claim 3 
circles, supervises a large area, and is produced by turning The 1st and 2nd pupil is 
formed at least with the 1st and 2nd medium image into an optical path, respectively. A 
field lens is installed near said 1st medium image and the 2nd medium image, 
respectively, the dimension of said 2nd pupil and the dimension of said 2nd medium 
image are set up equally, and said image revolution optical element is installed between 
said 2nd pupil and said 2nd medium image. 
[0014] 

[Function] The optical equipment of claim 1 can install an image revolution optical 
element a pupil or near the medium image, and can constitute it from a small image 
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revolution optical element. 

[0015] The optical equipment of claim 2 can install drawing in cold shielding, and can 
control efficiently the unnecessary infrared radiation which carries out incidence to a 
detector. 

[0016] The optical equipment of claim 3 can make the dimension of an image revolution 
optical element small compared with the diameter of opening of an objective lens. 
[0017] 
[Example] 

The example 1 of this invention is explained about drawing below example 1. Drawing 1 
is the perspective view showing the configuration of the example 1 of the optical 
equipment by this invention, and, for 20, as for the 1st image formation lens and 22, the 
1st pupil image formation lens and 21 are [ the 2nd pupil image formation lens and 23 ] 
the 2nd image formation lens in drawing. In addition, although 119 are the same as 
that of equipment conventionally, when the detector 14 of a stagger array without a 
clearance is used between pixels as a detector 14, the frame -scanning mirror 7 can be 
used as a fixed mirror. 

[0018] Next, actuation is explained. Drawing 2 shows the paraxial configuration which 
shows the image formation relation between a body image and a pupil. Since it was easy, 
the optical-axis scan mirrors 2a-2c and the fi-ame- scanning mirror 7 were omitted. 
Moreover, it is an example using the prism with which the refracting interface inchned 
to the optical axis as an image revolution optical element 6. In this case, the image 
revolution optical element 6 is optically equivalent to the inchned thick plate. 
[0019] First, the image formation relation of an image pick up object object is explained. 
The 1st medium image 24 is formed between an objective lens 4 and the 1st pupil image 
formation lens 20 with an objective lens 4. The 1st pupil image formation lens 20 and 
the 1st image formation lens 21 form the 2nd medium image 25 which projected the 1st 
medium image 24 between the 1st image formation lens 21 and the 2nd pupil image 
formation lens 22. Furthermore, the 2nd pupil image formation lens 22 and the 2nd 
image formation lens 23 form the last image which projected the 2nd medium image 25 
on a detector side. 

[0020] Next, the image formation relation of a pupil is explained. Between the 1st pupil 
image formation lens 20 and the 1st image formation lens 21, it extracts and the 1st 
pupil image formation lens 20 forms the 1st pupil 26 which was installed in the location 
of an objective lens 4 and which is the cutback image of 17. Fvirthermore, the 1st image 
formation lens 21 and the 2nd pupil image formation lens 22 form the 2nd pupil 27 
which projected the 1st pupil 26 between the 2nd pupil image formation lens 22 and the 
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2nd image formation lens 23, 

[0021] Since the diameter of the flux of light within a necessary visual field serves as 
the minimum in a medium image and a pupil so that clearly from drawing, compared 
with the diameter of an objective lens, the image revolution optical element 6 can be 
made small by arranging the image revolution optical element 6 in either the location of 
the 1st pupil 26, the location of the 1st medium image 24 or the location of the 2nd 
medium image 25. Furthermore, the image which does not have KERARE to the flux of 
light of a visual field edge can be obtained by arranging the line scan mirror 11 on the 
2nd pupil 27. 

[0022] Example 2. drawing 3 is drawing showing the configuration of an example 2. 
Since it is easy, about the flux of light of a visual field edge, only the chief ray has been 
expressed as the broken line. The point that a chief ray crosses an optical axis shows a 
pupil posion. As for the 3rd medium image with which the 2nd image formation lens 23 
forms 28 in drawing, and 29, the 3rd image formation lens and 30 are the 3rd pupil. 
[0023] Between the 2nd image formation lens 23 and the 3rd image formation lens 29, 
the 2nd pupil image formation lens 22 and the 2nd image formation lens 23 project the 
2nd medium image 25, and form the 3rd medium image 28. The 3rd image formation 
lens 29 projects the 3rd medium image 28 on a detector 14. Moreover, the 3rd image 
formation lens 29 and the 2nd image formation lens 23 project the image of drawing 17 
installed on the effective area of the cold shielding 19 between the 2nd pupil image 
formation lens 22 and the 2nd image formation lens 23, and form the 1st pupil 26. 
Between the 1st image formation lens 21 and the 1st pupil image formation lens 20, the 
1st image formation lens 21 and the 2nd pupil image formation lens 23 project the 1st 
pupil 26, form the 2nd pupil 27, and further, the 1st pupil image formation lens 20 
projects the 2nd pupil 27 near the objective lens 4, and they form the 3rd pupil 30. 
[0024] As mentioned above, by considering as the configuration which forms three 
medium images into an optical path, three pupils are formed into an optical path with 
the configuration which extracted to the cold shielding 19 and installed 17, and each 
pupil can be used as an objective lens 4, the image revolution optical element 6, and the 
line scan mirror 11. Therefore, the diameter of macrostomia is realized with the limited 
objective lens dimension, and while being able to make the image revolution optical 
element 6 small, the incidence to the detector 14 of unnecessary infrared radiation can 
be controlled efficiently. 

[0025] Drawing 4 is drawing explaining the configuration of the example 2 at the time of 
using a two-dimensional-array detector, and 31 is a two-dimensional-array detector in 
drawing. When a two-dimensional-array detector is used, the line scan mirror 11 is 
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unnecessary, by considering as the configuration which forms two medium images into 
an optical path, two pupils are formed into an optical path with the configuration which 
extracted to the cold shielding 19 and installed 17, and each can be made into the 
location of an objective lens 4 and the image revolution optical element 6. 
[0026] In addition, in the above explanation, although the image revolution optical 
element 6 was installed near the pupil, that what is necessary is to just be installed 
between the optical axis scan mirrors 2a-2c and the line scan mirror 11, even if it 
installs the image revolution optical element 6 in the 1st medium image 24 or the 2nd 
about 25 medium image, it can make the image revolution optical element 6 small, and 
does so the same effectiveness as the above. 

[0027] Example 3. drawing 5 is drawing showing the configuration of an example 3. The 
1st field lens with which 32 was installed in the 1st about 24 medium image in drawing, 
and 33 are the 2nd field lens installed in the 2nd about 25 medium image. The drawing 
17 installed in the cold shielding 19 is projected between the 2nd pupil image formation 
lens 22 and the 2nd image formation lens 23 with the 3rd image formation lens 29 and 
the 2nd image formation lens 23, and forms the 1st pupil 26. With the 2nd pupil image 
formation lens 22 and 2nd field lens 33, the 1st pupil 26 is projected on the 1st about 21 
image formation lens, and forms the 2nd pupil 27. Furthermore, the 2nd pupil forms the 
3rd pupil 30 in about four objective lens with the 1st field lens 32. 

[0028] Here, if the dimension of the 2nd pupil 27 and the magnitude of the 2nd medium 
image 25 are set up equally, the diameter of the flux of light between the 1st image 
formation lens 21 and the 2nd field lens 33 can be made regularity. This condition is 
realizable by setting up each lens spacing and a focal distance so that several 1 relation 
may be satisfied. 
[0029] 

[Equation l] 

l\f tana; _ cl?^ 
D1 d3 

where 

Di:Aperture diameter of the objective lens, 
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d2: Distance between the 1^*^ field lens and the 1^*^ image formation lens, 
d3:Distance between the l^t image formation lens and the 2"^ field lens, 
fl^Focal length of the objective lens, and 
CO :Half angle of field of view. 

[0030] Since the diameter of the flux of light iacluded to the visual field edge will be 
kept constant between the 2nd pupil 27 and the 2nd medium image 25 if it sets up as 
mentioned above, the image revolution optical element 6 is installed between the 1st 
image formation lens 21 and the 2nd field lens 33, it is setting up appropriately the 
pupil image formation scale factor of the 1st field lens 32, and the dimension of the 
image revolution optical element 6 can be made small compared with the diameter of 
opening of an objective lens 4. Moreover, since the 3rd pupil 3 is formed in about four 
objective lens with the configuration which extracted the cold shielding 19 in infrared 
light study equipment, and was set to 17, the incidence of unnecessary infrared 
radiation can be controlled efficiently, and the diameter of macrostomia can be realized. 
[0031] In addition, although the dimension of the 2nd pupil 27 and the 2nd medium 
image was set up equally, since the diameter of the flux of light between the 2nd pupil 
27 and the 2nd medium image 25 can be limited if almost equal, the same effectiveness 
as the above is done so. 

[0032] Moreover, since the line scan mirror 11 becomes unnecessary when the 
two-dimensional-array detector 31 is used, it is the same as that of the above -mentioned 
example 2 that the 2nd pupil image formation lens 22 and the 2nd image formation lens 
23 are omissible. 

[0033] Moreover, in the above-mentioned examples 1*3, it cannot be overemphasized 
that an objective lens, a pupil image formation lens, an image formation lens, and a 
field lens may be lens groups which consist of two or more lenses, respectively. 
[0034] Moreover, although the example using the plane mirror of three sheets as an 
optical-axis scan mirror 2 was explained, it is clear that it is applicable to any 
optical-axis scan means which an image revolution produces. 
[0035] 

[Effect of the Invention] In optical equipment equipped with the image revolution 
optical element and detector for amending the image revolution which the optical 
equipment of claim 1 circles, supervises a large area, and is produced by turning Since a 
medium image and two pupils or more are formed into an optical path, respectively and 
said image revolution optical element is installed said pupil or near the medium image, 
an image revolution optical element can be installed a pupil or near the medium image, 
and the effectiveness which can be constituted from a small image revolution optical 
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element is done so. 

[0036] In optical equipment according to claim 1; since the detector installed the 
objective lens near the pupil while installing drawing in cold shielding which encloses 
the perimeter of this infrared detector using the infrared detector, the optical equipment 
of claim 2 can install drawing in cold shielding, and does so the effectiveness which can 
control efficiently the unnecessary infrared radiation which carries out incidence to a 
detector. 

[0037] In optical equipment equipped with the image revolution optical element and 
detector for amending the image revolution which the optical equipment of claim 3 
circles, supervises a large area, and is produced by turning The 1st and 2nd pupil is 
formed at least with the 1st and 2nd medium image into an optical path, respectively. 
Since a field lens is installed near said 1st medium image and the 2nd medium image, 
respectively, the dimension of said 2nd pupil and the dimension of said 2nd medium 
image are set up equally and said image revolution optical element is installed between 
said 2nd pupil and said 2nd medium image The effectiveness which can make the 
dimension of an image revolution optical element small compared with the diameter of 
opening of an objective lens is done so. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the perspective view showing the configuration of the example 1 of the 
optical equipment of this invention. 

[Drawing 2l It is drawing showing the paraxial configuration of the example 1 of this 
invention. 

[Drawing 3l It is drawing showing the paraxial configuration of the example 2 of this 
invention. 

[Drawing 4l It is drawing showing the paraxial configuration of the example 2 of this 
invention at the time of using a two-dimensional detector. 

[Drawing 5l It is drawing showing the paraxial configuration of the example 3 of this 
invention. 

[Drawing 6l It is the perspective view showing the configuration of conventional optical 
equipment. 

[Drawing 7l It is drawing showing the two-dimensional optical-axis scan configuration 
in conventional optical equipment. 
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[Drawing 8l It is drawing showing the paraxial configuration of conventional optical 
equipment. 

[Description of Notations] 
4 Objective Lens 

6 Image Revolution Optical Element 

9 Field Lens 

11 Line Scan Mirror 

14 Detector 

17 Drawing 

19 Cold Shielding 

24 1st Medium Image 

25 2nd Medium Image 

26 1st Pupil 

27 2nd Pupil 

28 3rd Medium Image 
30 3rd Pupil 

32 1st Field Lens 

33 2nd Field Lens 
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i6^^iiT^To m^nrzu>xmxi^n^^mm-r 
^rzis^^zM'^u>X4{zmr) 1 7^mmv. ^-om^ 
mi i\t^mz^-Dx^^u^±cu^^^3\>zmmu> 
X9\z^^mK)<Dmx^^mi scD^m^zmm-r^o x 
0 XA^mi^rzm^my(:^m'f'e\t^^mz\^m^^w-u 
hmmx$> 0 , u>X4^y V'—M.^^m 7 omiz 

[0 0 0 8] jii^. ^^^^7t^gg-e(i^^sg#cD 

c^:3>h^y. ho^iSTf^mm-r^rzisb^zi^iai^o^mm 
^}^mi^rzWix$>^z2-')i\^iy-)i\i 1 9T'^oet;o 

^0 1 7(i^#fu>X4o^Mtc. mi 8ti^-r>^^ 

^1 KD^StCl^^bTl^^cOT, 3— 
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[0 0 0 9] 

6 f)^±mizu^ ti^^o mm}^.f)^^ o rzo mz^^j 

^h^(Dx\ ±mx;^^t^m^^z^^m^t)mmx^ 

^^a)m-<Dm^m\z^-f >^^i i^mm^^rzisb 
3-;i/K->-;i/Ki 9izmKi 1 7^mmx^~r. ^mt^ 

[0 0 10] z,<Dmm\t. ±m<Dj:of^mmi^.^mm'r 
^rzs6iztsi^nrz^o:)X\ n>m<Dm^^m'¥'^m^^ 
x^mm^m^^z^^Emh-T^. ^^iz. 
^5^m(D^mm-^<DAm^m3^m^zwm-r^^^m^ 

[00 11] 

^mi^xfiimm^^mi.. mmz^-Dx^c^mmm^ 

m^z^^^x. ^^iz^mmtm^'eti^n=--D^±m 
^b. mmmm^t^mi'\tmmm^rzn^mmmm^z 
mm'^nrz^<Dx$>^. 

[0012] m^m 2 ©3ie^^M(i. mi^m i mmo^yt 

m-t^^huz. m&mizMmiy>x^wmi^rz^<Dx 

[0 0 13] mi^mscoyt^mi^. mmi^xftmB^ 
mmL. ^m^z^^x±c^m^Bm^miEr^rzi!b(om 
m^^^m^t^ai^^m^rzyt^mm\zi5t,^x. 
^iz<i;^rji<t^mi. m2(D^mm^zc>u< ii^mi . 

^mmi&m^z^n^'timmu>x^mmvxmmm 2 <o 
mizmm^nrz^<Dx$>^. 

[0 0 14] 

[f^ffl] mj^mi(Dyt^mmh-i. mi^^^m^^m^ 
rz\^^mm^m\zmmr^:i^ti^x^. n^mcommmyt 
^m^xm^x^^. 

[0015] m^m 2 (Dyt^mm\t. a-ji h h 
\z^gtD^mm'r^ct^^x^. ^mmizxm^^^mm 
nm^mm^<mMx^^. 



[0 0 16] ^*^3cD^^gm> mmm^^mf-(D 
'tm^n'^i^yxcDmGmzit^^imzx^^. 

[0 0 17] 

mmmi. wlt. z^o^mmcDmrnmi^miz-Di^xmrn 
•r^o mA.n:i<Dmm\z^^^mm<Dmmmi<Dm^ 
^^-rmnmx^D. ^tcisi^r^ 2o\i^i(Dmmm 
i/>x> 2 i{mi<D^mu>x. 2 2itm2<Dm^m 

U>X. 2 3\m2<D^(^mU>XX$>^. rs:^. 1-1 

9\m^mmtmm<D^(Dx^^t^. ^m^iAhLx 
mmm\zmm(DU\^^xi^:^Mm(D^mmi 4 ^mi^^rzm 
^i^y u-A^it^ 7 ^m^m^zT^ z: t^^T^^o 
[0 0 18] 'Aizmmz-D^^^xmrn^^. m 2 i^^mi^m 

fz. ^m^^^mf- 6 h Lxmmm-^mmizMhxmm 

[0 0 19] ^■r> mimm^i^cDmmmw.^mm'r 

i^^iy>X4;z^r)^!^u>X4iimi(Dm^^mu 
>X2o<Dmzmi<D^mm2 4f)^m^^n^o mi<o 

^|gifcU>X2 0<fc^lCD^^ilU>X2 Its. mi<D^i^ 

mu>X2 1 Lm2<omf^mu>X2 2(omz. mi<D 
^mm2 4 ^^vfzm 2 (D^mm 2 5 ^m^r^o ^ 
^\zm2(Dmmmu>X2 2iim2(Dumu>x2 3 
ts, ^in^m±izm2(D^^mm2 5^^{.rzmii^m^ 

[00 2 0] :iK}zm<Dt^^m%^mmt^. 'm 1 (omm 
mu>x2oit. ml(Dml^mu>X2otml(D^^m 
u>X2 KDm^z. M!mu>X4(D^m^zwtmLrz^Ki 

1 7 o)mn^mx$>^m 1 2 e ^m^-t^o ^ tern 
i<Dmmu>X2i^m2(Dm^mu>X2 2\^. m2 
<Dmi^miy>X2 2^m2<Di^mu>X2 scor^^zmi 
<Dm2 6 ^^x.tz'm 2<rm2i ^mwct^. 

[0 0 2 1] mh^^m^ti^u^^\z^Wim.^^xjmz^ 
^^^xfRW^mn(r>y^mimf\^t.u^(j:>x. m 1 2 
ecD^s, mi<D^f^m.2 4(o^m^tz\'X^2(D^f^m 

2 5 <D^m.o:>\^yfnf)^\zmnm,^^m'T a ^wmrt^ z. 
tdcfco. M!^u>xmzit^m}^m^^m^6^fm 
tcT^^o ^e>tc. m2<Dm2 7\z^^>^^mi 1^ 

[0 0 2 2] HJg^J 2 . a3 tS^JS^J 2 cD;^J5K^^T^ 

^^-To mlzii^^x2sum2a:>^f^m\y>X2 3^m^ 
^^^3<D^mm. 2 9tim3©?^^u>x 3otsm 

[0 0 2 3] m2<Dm^^mu>X2 2tm2<Dmmu> 
X2 3\^m2(D^mu>X2 3tm3<D^mu>X2 9 
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j^^r^o m 3 (Di^mu >X2 9um s o^mrn zs ^ 
^mggi 4±{csj^-r^, ^Tz. m3(ommuyx2 9 

2tf^2cDmmu>x2 30)m^z^i.xmio:)m2 e 
^m^-r^o mio)^mu>X2 iiim2(Dm^mu> 

X2 3\tmi<Dl^m\y>X2 1 t:mi(om^^u>X2 

o(om\zm\<r>m2 6^^bTm2©®2 i^m^ 

^^\z'm\(Dm^muyx2o\mm\yyx^(Oi& 
mzm2(Dm2 T^^bTmaooaa 0^f^^^^„ 
[0 0 2 4] )^A±.<o^o\z. ^^\z3'D<D^mm^m 

^0 1 7 ^wm\^tzm^x^^\z3'D(r>mf}m^^ 
^n^n<Dm^nmu>XA^ mm^^m^^. 

[0 0 2 5] m±\^2^^T\y-immm^mufz.m'^<r> 
^mm2<Dm^^mm^^mv^r^. m\z^\^^x3i\-x 

2:iKjtTiy^mmx:^^. 2^TU-f^m^^ffit/^ 
;^c^^{i^^>^St^l l-h^WV^r^. 5m4'tc2o 

Dl d3 



[0 0 2 6] fs.^. }:js±,(r>mmx\t. mm^^^m=?'^ 
2 a-2 c i^-r>^5t^l 1 coF^itci^M^nrumt^ 

j;<, mio^^fm2A^tz\tm2(D^mm2^iSim\z 
mm\yx^mmm^'^m'f'^^n^m\zx^. iMwmco 

[0 0 2 7] mmm 3 . 5 3 com^^^-rm 
Tfe^o m\z^\^^x3 2\^mi<D^mm2Ai&m\zWLm. 
^ntzmi<Dnmu>x. 33(^^2004^0^2535^ 
\zmm^ntdm2(Dnmu>xx^^. :2-)v\^y-}], 

Fl 9\zWtm'^nfzWtK^ 1 7tl^3a)^^l/>X2 9<h 
m2(Oi^^l/>X2 3\Z^r^^2(Dm^mU>X2 2 t, 

m2(Dmmu>X2 3<Dmz^:^nxmi<Dm2 6^ 
m^-t^o mi(Dm2 6{tm2(omt^mu>X2 2 iim 
2<Dmmu>X3 3^z^-Dxmi<o^mu>x2 i&m 
\z^^^tixm2<Dm2 7^m^'r^o $^tc^2coii 
\tm 1 (Dmrn u >x 3 2 (c ct 0 u >x 4 ifi^ tern 3 
(Dm3o^m^^o 

[0 0 2 8] ClCl-e> m2tD^2 7©^^^m2CD4^F«1 

^2 5a):^#$^^b<^^n{i> mi(D^mu>x 

2 1 i:^2<^^U>X3 3r0la)7^g^— ^tcT-SC 
^t)^X^^. ;icD^ms> ^;^E^ 1 oil^^^S^^ 

[0 0 2 9] 

[^1] 



7 (?)36tsu>:;^fei£D^Si 
2 c7)^l^>;;<PbW^ 



[0 0 3 0] i^±<^)J:3tC^^nf^^^^X'^a^)>^c 
7t^g(^m2£D®2 7 ^m2(D^mm2 STbIT— ^(C^ 

fcn^oDx% mi<D^^miy>x2ihm2(Dmmu>x 
3 3m\zmm^^m'f-6^mmL. mi<Dmmiy>x 
3 2(om^mmm^mmzm^^:ii:x\ 
m^eco^m^M^u>X4<Dmam\zit-<^mizx^ 

9€r^o 1 7 hi.rzm^xMmu>X4i5:mizm3(Dm 

[0 0 3 1] r^id. m2<Dm2 7 ^m2<D^mm(D^^ 
^mv<m^i^rz^^. mmv\>'fn\^m2(Dm2 7 
2(D^mm2 5m<Dymmtim^x^^(Dx\ ±mmm 



[0 0 3 2] ^fc> 2:^^7U-f ^m^3 i^m^^fzm 

^^t^-oM^mi if}^^m^zy^^(Dxm2<Dm^^mu 
>X2 2^xxs'm2<r>^m.u>X2 3f3^mx^^^iz 

[0 0 3 3] ^fz. ±IB^5fe^Jl-3lC*3liT^#il/> 

X. m^mu>x. ^^p>x. ^iFu>xti> ^n^e 
rmWi(ou>xxm^^n^u>xmx^^x^^^^z, 

[0 0 3 4] ^tz. m^^i^m2t.\.x3i^(Dw-mm^ 
m^^tzm\z^\^^xmm\.tzf)\ mmm,f)^±\:^^E(o^o 
f^m^^^^m\zi^\^x^mm x^^:i ^^x$> 

[0 0 3 5] 
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[0 0 3 6] mmm 2 <D^^m\t. m^m i $m(D^ 

izAM^^^wm^m^mm^<mmx^^m^^mr 

[0 0 3 7] mji^msco^^mmit. mmvxfKmm^ 
mmi^. mm^z^^x^c^mmm^tmiEr^rzisbo^m 
m^^^m^hmthm^m^rzyt^mm\zi5\^^x. 3m 
^\z'pr^<L^mi. m2<D^mm^z'pts:<t^mi. 

^rmi&miz^n^nmmu>x^mmvxmmm2<D 
m(D^mtnmm2(D^mm(o^m^mi.<m^h. m 

m\zmm^nx\^^^(Dx\ mm^^^^m^^<D-tm^i^!m 
u>X(Dmam^zi^^4^m^zx^^mm:^m~r^. 

mi l z:<Dmm<Dyt^mmo>mmm 1 (Dm^^^-rm^ 



msi- z.<D§^m<Dmmm2<Dj&mm^^7jk'^mx^ 
[[14 ] 2'A7mm^^m\^^rzm'^iz:is{'f^:z(Dm^(D 
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